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Abstract. Conservation biology and applied ecology increasingly recognize that natural
resource management is both an outcome and a driver of social, economic, and ecological
dynamics. Protected areas offer a fundamental approach to conserving ecosystems, but they
are also social-ecological systems whose ecological management and sustainability are heavily
influenced by people. This editorial, and the papers in the invited feature that it introduces, dis-
cuss three emerging themes in social-ecological systems approaches to understanding protected
areas: (1) the resilience and sustainability of protected areas, including analyses of their inter-
nal dynamics, their effectiveness, and the resilience of the landscapes within which they occur;
(2) the relevance of spatial context and scale for protected areas, including such factors as geo-
graphic connectivity, context, exchanges between protected areas and their surrounding land-
scapes, and scale dependency in the provision of ecosystem services; and (3) efforts to reframe
what protected areas are and how they both define and are defined by the relationships of
people and nature. These emerging themes have the potential to transform management and
policy approaches for protected areas and have important implications for conservation, in
both theory and practice.
Key words: complexity; connectivity; conservation; institution; management; national park; natural
resources; policy; protected areas as socioecological systems; scale; sustainability.
INTRODUCTION
The last 50 years have seen fundamental shifts in
applied ecology and conservation. Their scope has
broadened from a focus on single populations of species,
together with the preservation of “pristine” locations, to
the recognition that conservation problems encompass a
wide variety of disciplines, systems, and solutions, with
ecosystems and social systems being inextricably con-
nected (Allen et al. 2011). Many ecologists now embrace
a complex systems perspective on social-ecological sys-
tems, including thresholds, feedbacks, and emergent
properties such as resilience (Folke et al. 2004). In con-
servation biology, objectives of maintaining biodiversity,
ecosystem structure, and ecological processes in the face
of anthropogenic change remain; but the scope of con-
servation has changed profoundly, and its nexus with
human-centered disciplines, such as psychology, politics,
sociology, and economics, has become an exciting and
fast-moving frontier (Groom et al. 2006).
Protected area management is often viewed as a pri-
marily ecological problem, in which managers are “out-
side” the system and protected areas must be preserved
in a historically defined “wild” state. This perspective
ignores the relevance of location, context, and connec-
tivity, both ecological and socioeconomic; and particu-
larly, that managers and policy makers, as well as people
who work in and visit protected areas, live in a social
context that creates demands and expectations about
ecosystem management. Although ecosystem manage-
ment focuses on biodiversity, management institutions,
their agendas and goals, such as setting target popula-
tion sizes of animals, fire policies, access rights, or con-
trol of invasive species, are social constructs that are
created and debated in political arenas (Macneil 2013,
Bell and Morrison 2015, Cinner and McClanahan
2015). Failure to recognize the plurality (social, ecologi-
cal, and economic) of protected areas has in the past
created many conservation problems.
Biodiversity conservation seeks to understand the
interactions of people and nature and manage those
interactions, or create the appropriate enabling condi-
tions for them to occur, to achieve acceptable ethical,
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equitable, and political solutions for diverse stakeholders
(Groom et al. 2006). Conservation solutions often seem
to be so heavily tailored to a local context that they are
unique, but there is a growing sense within the conserva-
tion community that many lessons learned in one con-
text have elements that can be translated to others. The
translation of knowledge between conservation situa-
tions (i.e., understanding different problems and solu-
tions from the perspective of a general theory, rather
than as idiosyncratic individual case studies) requires
general conceptual structures (hypotheses, theories, and
frameworks [Cumming et al. 2015]). These can identify
shared elements of seemingly disparate problems,
support predictions, and guide decision-making in data-
poor situations. Without general frameworks and
theories, every conservation and management dilemma
is conducted in isolation, and learning is limited.
One of the most potentially useful emerging frame-
works for conservation biology is that of social-ecologi-
cal systems (SESs; also termed coupled systems, or
coupled human-natural systems [Berkes et al. 2003]).
People depend on ecosystems in a wide variety of ways.
This dependency often requires modifying or managing
ecosystems to enhance the delivery of ecological goods
and services, particularly given human population
expansion and increasing demand for ecosystem-derived
products. Four common general elements of human
interventions are simplification, reduction in natural
variability, fragmentation and loss of contagious pro-
cesses, and the introduction of hard boundaries (Turner
et al. 2001). For example, in the context of protected
areas, people may reduce habitat diversity, harvest ani-
mals or plants, alter disturbance regimes, strive to keep
natural populations within pre-defined limits, or con-
struct fences that limit movement and population expan-
sion. These changes have consequences for system
function, stability, and resilience.
As ecosystems respond to intervention and use by
people, they often do unexpected things; for example,
pest outbreaks and unusually large fires occur, forests
are lost, or shallow lakes become dominated by toxic
algae. Often the system is large, the disturbance infre-
quent, and the responses complex; and many changes
are triggered by events in societies and economies out-
side the local ecosystem, as discussed by Cumming et al.
(2015) in this feature. Thus, the outcomes of manage-
ment interventions can be highly uncertain. Action is
often necessary even when there is high uncertainty sur-
rounding the system’s response (Williams 2011), and
unexpected outcomes may trigger crises and/or create
new demands and expectations in the human socioeco-
nomic system. Modification of ecosystems by people
can thus initiate a series of feedback loops that begin
with purposeful management or other interventions and
cycle through the ecosystem and the socioeconomic sys-
tem back to management (Fig. 1). Just as two pendu-
lums connected by a spring will behave differently from
two unconnected pendulums, SES dynamics are both
qualitatively and quantitatively different from those of
either social systems or ecosystems alone.
Social-ecological feedbacks and interactions vary with
scale, as does the provision of ecosystem goods and
services to and from SESs (Birge et al. 2016). As scale
(time and space) broadens, ecosystem controllability
decreases; but the suite of ecosystem services available
for management increases, creating a tension whereby
increasing scale reduces the potential for management
but increases the need for it.
The establishment of protected areas remains one of
the most fundamental tools available to conservation,
and it is important that protected areas are developed in
a way that is ecologically, economically, and politically
sustainable (Cumming 2017). Social-ecological systems
perspectives offer a balanced and nuanced approach to
protected area management, as well as a holistic frame-
work for comparing and contrasting conservation suc-
cesses and failures. Three particularly interesting and
useful themes within social-ecological systems appro-
aches to understanding protected areas emerge from the
papers in this invited feature. They include (1) increasing
attention to the resilience and sustainability of protected
areas and the landscapes in which they occur; (2)
increasing consideration of the relevance of spatial con-
text and scale for protected areas and the ecosystems ser-
vices they provide; and (3) efforts to reframe what
protected areas are and how they both define and are
defined by the relationships of people and nature. These
themes, which we discuss in more detail below, connect
the papers in this invited feature.
RESILIENCE AND SUSTAINABILITY OF PROTECTED AREAS
Many social-ecological analyses focus on questions of
system stability and dynamics, particularly in relation to
resilience, vulnerability, risk, and adaptation. These con-
cepts are integral to the new paradigm in applied ecology
and conservation biology, because viewing a protected
area (and its surrounding landscapes and communities)
as a social-ecological system is a valuable conceptual step
toward conservation-relevant interdisciplinary or trans-
disciplinary analysis. Systems analyses begin with prob-
lem identification and clarification: defining what the
system is, what the key elements of interest and relevance
are, and how a particular problem arises (Walker et al.
2002). Systems definitions are often dominated by con-
cerns about inter-relationships, particularly those that
might cause feedbacks between cause and effect, and per-
sistent feedbacks that are critical to maintaining system
structure. They attempt to understand and capture the
relevant complexity of the problem.
Rather than thinking of conservation as an effort to
either prolong the life of a dying patient or optimize par-
ticular variables (whether number of species, returns on
conservation dollars, or the design of protected areas),
SES perspectives recognize the inevitability of change and
also, in many cases, the need for it. This de-emphasizes
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the identity of individual species in favor of functions and
services. The goals of conservation are thus to create
enabling and facilitating conditions for species persistence
and evolutionary processes, to ensure that system ele-
ments that are critical for coping with perturbations are
retained (even if this makes the system less efficient), and
to steer systems away from potentially catastrophic
regime shifts (e.g., from woodland to desert, as in the
Sahel) with consequences for ecosystems and people
(Folke et al. 2005). Conversely, in some situations pro-
tected areas have deteriorated and managers may need to
transform or restore the system, which means creating a
different system; heavily invaded protected areas are
examples (Chaffin and Gunderson 2016). The shift in
thinking entailed by SES approaches is to move away
from efforts to optimize production, and toward less “effi-
cient” but ultimately more resilient and more sustainable
ways of achieving conservation and socioeconomic goals.
Resilience has been proposed as an organizing frame-
work for social-ecological analysis but critiqued as diffi-
cult to define, operationalize, or measure (Quinlan et al.
2015, Angeler and Allen 2016). A standard three-part
definition of resilience in social-ecological systems
research includes (1) the ability of a system to absorb
disturbance while remaining within the same domain of
attraction (i.e., retaining the same controls on structure
and function) without changing state; (2) the degree to
which the system is capable of self-organization; and (3)
the degree to which the system can adapt (Carpenter
et al. 2001). Resilience can also be described as the abil-
ity of a system to maintain its identity (Cumming and
Collier 2005). A focus on identity and identity-related
thresholds (i.e., points beyond which the identity of the
system is lost) can be used to link tangible management
goals, empirical data, and resilience theory (Cumming
et al. 2005). Resilience is an important component of
sustainability, which can be viewed as the likelihood that
a system retains its identity indefinitely.
Resilience and sustainability are emergent properties of
complex systems. In SESs, they imply a predictably
steady, though variable, delivery of ecosystem services
and/or disservices to people. The regime shifts that occur
when the resilience of a system has been exceeded have
consequences for the various forms of capital (natural,
social, economic) in a system and may be difficult to
reverse due to hysteresis. However, periods of rapid trans-
formation can also offer windows of opportunity for the
introduction of new system elements and dynamics and
FIG. 1. A systems perspective on social-ecological feedbacks in protected area management. In addition to interactions and
feedbacks that occur within protected areas, their direct outputs have add-on effects that subsequently influence both their internal
dynamics and their future outputs.
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the loss of dysfunctional or problematic elements and
interactions (Holling 2001, Westley et al. 2002).
Protected area managers face several major challenges
in learning to manage protected areas sustainably and
for greater resilience (Allen et al. 2011). Among others,
they include (1) describing and analyzing the key
elements and dynamics of the social-ecological system,
particularly where monitoring data are lacking or inade-
quate, and understanding where their areas are vulnera-
ble and where resilience resides; (2) determining the
relevant scales present in a system (Angeler et al. 2015),
and the trade-offs in shifting management focus across
scales (Birge et al. 2016); (3) managing perturbations to
remain within expected levels, while avoiding problem-
atic feedbacks to the social and political components of
protected areas and their surroundings; (4) learning how
to work with, and balance, effective biodiversity conser-
vation against the political and socioeconomic elements
of protected areas (such as managing human–wildlife
conflict, tourist demand for greater access to wilderness
areas, poaching, and budgetary restrictions); and (5)
managing and coping with spatial elements of resilience,
such as habitat connectivity and exchanges with the
surrounding landscape.
Several articles in this invited feature touch directly on
the themes of resilience and sustainability. Cumming
et al. (2015) offer an expanded framework for thinking
about social-ecological problems and scale dependen-
cies; Maciejewski and Kerley (2014) provide evidence
that overstocking of elephant, which is unsustainable in
the long term, does not necessarily result in greater tour-
ist revenue; and Maciejewski et al. (2015) consider the
relationship between resilience and the scales of different
pattern–process interactions in the context of nature-
based tourism.
RELEVANCE OF SPACE AND SCALE
Evidence of an important role for spatial elements of
protected area dynamics, and resilience, is rapidly accu-
mulating. Protected areas are inherently spatial entities;
they have been designated on maps for particular rea-
sons, with clearly identified boundaries and (usually) a
clearly articulated justification for their inclusion of par-
ticular ecological and cultural assets, such as endangered
species, unique natural features such as waterfalls or
mountains, or sites of archaeological importance.
However, most protected areas are multi-functional. In
addition to their core role in conserving biodiversity,
they may provide important ecosystem services (and dis-
services) to surrounding non-protected areas and adja-
cent communities (DeFries et al. 2010, Palomo et al.
2013). Protected areas may, for example, provide clean
water to cities, non-timber forest products, grazing and
thatch grass, and the maintenance of breeding grounds
or source populations of ecologically and economically
important species such as pollinators, spiders, harvested
wild species such as reef-breeding fish, and migratory
species (Cumming 2017). In addition, protected areas
may enhance the quality of life of people living outside
protected areas through the provision of cultural services
to visitors (Ament et al. 2016).
Conservation biologists have long been interested in
the relevance of ecological habitat connectivity for biodi-
versity conservation. Connectivity between protected
areas is critical for the persistence of biotic elements, but
can be equally important for socioeconomic processes
that relate directly to protected area management and
sustainability. Social and economic exchanges may, for
example, include invasive species control, sharing of
equipment or trained personnel for fire (Twidwell et al.
2013) or pathogen management, translocations or
restocking of wildlife species, and information about
incipient problems or management innovations
(Maciejewski and Cumming 2015). The connections
between protected areas and adjacent non-protected
areas can also be important for ecological and social-
ecological dynamics (De Vos et al. 2016). Those
connections also vary with scale, and over time, thus
emphasizing the critical need to identify scales and
scaling relationships within protected areas.
Protected areas can be viewed as both ecological and
economic networks (Uden et al. 2014, Maciejewski and
Cumming 2015, 2016). They also affect and are affected
by structures and processes at hierarchical levels above
and below themselves (Perz and Almeyda 2010, Allen and
Giampietro 2014). Given the spatially explicit nature of
protected areas, such interactions are often defined by spa-
tial scale, and there is a need for alignment between spatial
and temporal scales and the institutional levels at which
protected areas are governed (Cumming et al. 2015).
Focusing on spatial scale, a complex system such as
an ecosystem can be decomposed into structural and
process elements that can be defined over a fixed range
of spatial and temporal scales. A terrestrial ecosystem
dominated by needle-leafed evergreens, for example, has
discrete structures and processes at a number of scales
(Ludwig et al. 1978, Crawford and Jennings 1989). It
can be described at a leaf or needle scale (centimeters to
meters in space and months to years in time); a tree scale
(multiple meters and decades); or a forest scale (kilome-
ters and centuries). At each scale, there is a characteristic
pattern in structure, with different processes (e.g., light-
ning strikes, spruce budworm herbivory, long-term
climate cycles) driving different patterns at different
scales, and feedbacks occurring between pattern and
process both within and between scales.
Ecosystems and social systems are characterized by
bottom-up and top-down controls and thresholds, multi-
ple scales and nonlinear dynamics. Processes are generally
scale specific, and a limited number of processes operat-
ing at distinct scales are responsible for the characteristic
structures in time and space that define specific systems
(Holling 2001). This is important for humanity, and
management, because self-organization (reinforcement
between process and structure) in complex systems such
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as ecosystems can mean that they resist movement away
from a particular state or domain of attraction. In shal-
low lakes, for example, the presence of macrophytes and
zooplankton helps to buffer the effects of phosphorus
addition and keep the lake in a clear water state that is
good for fishing, swimming, and drinking (Scheffer and
Jeppesen 2007). Thus, where ecological processes rein-
force and buffer each other, we can expect reasonably pre-
dictable dynamics and the relatively constant provision of
ecosystem goods and services.
Conservativeness and self-organization in ecosystems
are due in part to the positive interactions among biotic
and abiotic elements. For example, animals exploit nec-
essary resources, such as food and breeding sites, in
space and time. In doing so they may change ecological
structures in ways that favor their own needs. Large her-
bivores, for example, can alter the dynamics of succes-
sion (and competition among grasses, bushes, and trees)
to improve their own habitat (Jones et al. 1994). Self-
organization often involves other biotic system elements
as well. For example, many grasses are pyrophilic and,
therefore, highly flammable (Brooks et al. 2004). In the
absence of fire, succession would often eliminate grasses.
However, the presence of pyrophilic grasses encourages
fire, which subsequently favors grasses and excludes
competitors (Peterson 2002).
Protected areas may contribute to broader-scale spa-
tial resilience in the areas in which they are located.
Ideas about spatial resilience originally focused on the
importance of ecological legacies (i.e., elements such as
species or habitat characteristics that persist after distur-
bance) and connectivity among neighboring systems for
withstanding disturbance and avoiding regime changes
at broader spatial extents than individual focal systems
(Nystrom and Folke 2001). Ecological memory is
expected to increase with landscape extent and to some
degree with landscape heterogeneity and diversity, sug-
gesting that fostering or actively conserving particular
places as protected areas may provide a means to
enhance the ability of SESs to absorb landscape distur-
bances (Bengtsson et al. 2003). In this context, spatial
resilience was simply defined as ecological resilience at
broader spatial scales (i.e., beyond local habitats; Obura
2005), or more accurately, the ways in which broader-
scale (regional) resilience affects local (protected area)
resilience and vice-versa.
The emphasis on resilience at spatial scales greater
than the focal system has dominated subsequent spatial
resilience references. Spatial resilience can also be more
explicitly considered as the relevance of spatial system
properties (e.g., heterogeneity, connectivity, context,
location, and network membership), both internal and
external, for resilience (Cumming 2011a, b). Since inter-
action strengths often decay with distance, rather than
being all or nothing, analyses of protected area resilience
may have to select a distance or time period over which
to define the boundaries of the study system. Thus, “in-
ternal” may be defined in social, economic, or ecological
terms by a geographic boundary (e.g., a watershed or a
provincial boundary), by participation in a spatially seg-
regated supply chain (e.g., timber is harvested in one
location, cut in another, sold in another, and bought in
yet another), or by shared elements, such as the move-
ments of individuals between habitat patches within a
single metapopulation at time scales relevant to a single
generation. Spatial resilience can be more explicitly con-
sidered as an emergent property of the spatial arrange-
ment, differences, and interactions among internal
elements of resilience (i.e., those within the focal pro-
tected area), external elements of resilience (i.e., those
outside the protected area), and other spatially relevant
aspects of resilience (e.g., adaptations to environmental
change; Cumming 2011a, b, Allen et al. 2016). Internal
and external components interact to affect the spatial
feedbacks that either maintain a level of local stability
within a landscape or push it into a different state. Spa-
tial resilience offers a way of connecting typical “land-
scape ecology” variables, such as heterogeneity in land
use and land cover distributions, woodland cover, and
the spatial configuration of surrounding green spaces,
with socioeconomic networks, trade, and feedbacks
between social and ecological elements of the system at
several different scales (Cumming et al. 2017). Analysis
of space and scale in complex adaptive systems in turn
provides an entry point for the development of new the-
ory and analytical tools (e.g., Sundstrom et al. 2017).
For protected area management, consideration of
space and scale and their relationships to resilience raise
many additional challenges to those listed earlier. Some
of these that seem to us to be of highest priority include
(1) developing and working with spatial data sets, such
as atlases and remote sensing data, to better understand
spatial dynamics and the role of heterogeneity within
protected areas; (2) developing a better general frame-
work to facilitate or direct the interactions of protected
areas with their surrounding landscapes, including both
ecological and socioeconomic spillover effects; (3) learn-
ing to align ecological, social, and economic processes
and their interactions, particularly where spatial, tempo-
ral, or functional mismatches between scales (and result-
ing problems; Cumming et al. 2006, Mills et al. 2010,
Guerrero et al. 2013) are possible; and (4) developing a
better understanding of when feedbacks between social
and ecological system elements are important and when
they can largely be disregarded(Cumming et al. 2005).
Space and scale are central themes in this invited fea-
ture. Uden et al. (2014) present a case study that focuses
on ecological connectivity across a lake network and
demonstrate the strong influence of scale on the function
of ecological networks. Cumming et al. (2015) offer a
new framework for thinking about scale in the context
of social-ecological systems analysis, extending Ostrom’s
(2009) sustainability framework and connecting social-
ecological approaches to the concepts of functional
ecosystems and multi-scale management objectives. This
approach is taken further by Maciejewski et al. (2015) in
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considering the problem of identifying and resolving
scale mismatches, which can create management prob-
lems when the scales of socioeconomic and ecological
processes are misaligned.
REFRAMING PROTECTED AREAS
As humanity’s impact on the Earth increases, natural
areas are increasingly coming under threat from human
activities (Craigie et al. 2010). Declines in the extent of
many natural habitats, and increasing extinction rates,
are accompanied by increasing recognition of the need
for extensive, well-connected networks of protected areas
that can ensure the persistence of representative exam-
ples of ecological communities into the future (Hannah
et al. 2007). Given the apparently inadequate global cov-
erage of formal protected areas of stronger IUCN cate-
gory status, there have been numerous calls for the
development of non-stationary approaches to protection
that facilitate the co-existence of people and nature in
ways that would allow expansion of the conservation
estate without the loss of either core natural areas or
human livelihoods.
Unesco’s “Man and the Biosphere Programme” , for
example, seeks “the rational and sustainable use and
conservation of the resources of the biosphere. . . for the
improvement of the overall relationship between people
and their environment” (see document online).5 Bio-
sphere reserves include three interrelated zones that
fulfill three complementary and mutually reinforcing
functions: core area(s) that comprise a strictly protected
ecosystem “for biodiversity”; buffer zones that surround
or adjoin the core area and are used for “activities com-
patible with sound ecological practices that can reinforce
scientific research, monitoring, training and education”;
and transition areas, where the greatest economic
activity is allowed, that foster economic and human
development that is socio-culturally and ecologically
sustainable.
Protected areas have traditionally been created and
maintained by national and provincial governments and
agencies, with some additional contributions from NGOs.
Recent decades have seen a significant increase in the
amount of conservation land that it is held under private
or community ownership. In South Africa, for example,
the area of land in private nature reserves (both individu-
ally and community owned) is estimated at nearly twice
that of public nature reserves (Cousins et al. 2008). The
rise of private protected areas, and their overall contribu-
tions to the national biodiversity estate, are, however, lar-
gely undocumented and poorly understood (Clements
et al. 2016). A variety of important questions about pri-
vate conservation efforts remain unanswered. For instance,
can we rely on private nature reserves to support biodiver-
sity conservation over time frames of 50–100 years? How
do they contribute to both social and ecological elements
of conservation goals and strategies? And how resilient
will private conservation be, in an uncertain future, to
social, economic, and ecological change?
A variety of other approaches attempt to foster condi-
tions in which ecosystems can persist in the face of human
activity outside formally protected areas. These are evi-
dent in such areas as legislation that protects endangered
species; urban greening and peri-urban landscape plan-
ning for biodiversity; agro-ecosystem policy and design;
the formation of community-based conservation pro-
grams, such as CAMPFIRE (Communal Areas Manage-
ment Programme For Indigenous REsources; Bond
2001), that seek to achieve sustainable multi-species sys-
tems; and incentive schemes that promote better manage-
ment of soil, water, forests, and other natural resources.
Despite the many initiatives that exist to support and
nurture ecosystems, global extinction rates are still high
and increasing. A fundamental shift in attitudes, both
within broader society and within conservation organiza-
tions, may be necessary if we are to reduce the current
extinction rate of species and maintain the ecosystem struc-
tures and functions that humanity depends upon. During
such a social transition, protected areas have a potentially
important role to play in both the ecological realm (as
source habitats for species, reservoirs for relict populations,
and locations for ecological research) and as social-ecologi-
cal entities that can contribute to framing political debates,
educating the public, and helping rural communities to
retain culturally important values and livelihoods in the
face of rampant development and urbanization.
These problems are discussed in detail by Mathevet
et al. (2016), the concluding article of the invited feature.
Mathevet et al. (2016) lay out a vision for “ecological
solidarity,” which takes into account how human inter-
actions with the environment embody cultural, social
and economic values. Ecological solidarity accepts the
legitimacy of different types of knowledge about social-
ecological processes and recognizes the diversity of
values as a practical foundation for action. It promotes
a process of learning to live resiliently, using science and
social learning as tools to foster adaptive management
and governance of biodiversity areas. Ecological solidar-
ity has the potential to provide a framework for the
integrated management of cultural landscapes, empha-
sizing the need for collective exploration by local com-
munities and stakeholders to achieve its effective
integration into land planning and conservation man-
agement strategies.
DISCUSSION
The articles in this invited feature highlight emerging
directions for research on protected areas as social-
ecological systems. They include an improved under-
standing of the resilience and sustainability of protected
areas; the closely related concern of understanding the
relevance of spatial and temporal context and scale for
5 http://www.unesco.org/new/en/natural-sciences/environment/
ecological-sciences/biosphere-reserves/ [accessed 10-7-17]
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protected areas; and the need to reframe and expand our
toolbox for using protected areas to achieve biodiversity
conservation, both by direct conservation measures and
through the less direct influence that protected areas can
have on human attitudes and relationships to nature.
The papers in the feature suggest that management can
be informed and potentially improved by explicitly con-
sidering social, ecological, and economic aspects of pro-
tected areas, in a synthetic SES framework such as is
offered by the sustainability framework (Ostrom 2009,
Ostrom and Cox 2010); and for protected areas specifi-
cally, by the concept of ecological solidarity (Mathevet
et al. 2016). Such frameworks must also explicitly con-
sider hierarchical dynamics and scale, and incorporate
spatial analyses that consider not only what happens
within the protected area but also its surroundings and
its membership in different networks, both ecological
and socioeconomic (Cumming et al. 2015, Maciejewski
and Cumming 2015, 2016).
In practical terms, an integrated social-ecological per-
spective has much to offer protected area managers, pol-
icy makers, and satellite communities. Recognizing,
describing, and quantifying the many benefits that pro-
tected areas provide (Cumming 2017), and seeking win-
win solutions that foster both biodiversity conservation
and human livelihoods, will be essential if protected
areas are to justify their continued existence. Finding
appropriate management solutions to ensure protected
area persistence will mean applying many of the princi-
ples that are already well documented in the SES litera-
ture: stakeholder engagement, transparency around
decision-making, paying attention to mutual learning
processes, and building trust and strong social networks
that can be used to solve problems.
The SES perspective also highlights a likely future
need for monitoring and modelling both ecological and
socioeconomic processes (Reyers et al. 2013). If socioe-
conomic feedbacks are critical for protected area persis-
tence, and particularly if potential collapses of protected
areas are more driven by socioeconomic than by ecologi-
cal pressures (Cumming et al. 2015), managing pro-
tected areas proactively for long-term persistence
requires that managers consider potential socioeconomic
threats well in advance of the point at which they materi-
alize. For example, recognition of the likelihood that
anthropogenic climate change will alter habitat suitabil-
ity and cause species range shifts is already influencing
plans for expansion and further development of pro-
tected area networks in some locations (Loarie et al.
2009); and other analyses have identified concerns
around provision of ecosystem services (such as water)
to human communities (Schr€oter et al. 2005).
If protected areas are expected to provide ecosystem
services in addition to achieving their fundamental goal
of biodiversity conservation, measures of conservation
success will require not only ecological but also social
and economic data that show whether service produc-
tion is meeting goals and whether or not ecosystem
production of potential services is being used (i.e.,
whether potential services are actually benefitting the
communities that they are supposedly provided for).
Protected area managers can expect to need a wider and
much more interdisciplinary range of data in the future
(Reyers et al. 2013).
As discussed above and in Maciejewski et al. (2015),
scale mismatches arise when the scales and levels of
social, economic, and ecological processes are not suitably
aligned. They can have strongly negative consequences
for protected area management, and recognizing and
resolving scale mismatches may have profound conse-
quences for efforts to ensure protected area persistence.
Law can be another significant hindrance to the devel-
opment of new approaches for managing protected
areas, and one that may offer considerable opportunities
for change to foster resilience of protected areas in desir-
able states, or to erode resilience of those in undesirable
states (Garmestani and Allen 2014, Green et al. 2014).
Creating adaptive legal frameworks may make a differ-
ence here, as well as legal statutes that explicitly incorpo-
rate double loop learning such that the laws are revisited
and assessed regularly.
Although the SES literature offers a wide range of
resources to help managers and conservation biologists,
SES research is a dynamic and fast-moving field. The
articles in this invited feature point the way toward a
number of future research directions that we regard as
priorities more generally for future research on social-
ecological systems. In particular, protected areas can
offer replicates of SESs that have similar goals and
objectives, with protected area research contributing via
comparative analyses to increased understanding of
feedbacks across networks; the importance of connectiv-
ity as a function of scale; thresholds and tipping points
in SES dynamics; relationships between SESs and
ecosystem services; and adaptive management.
ACKNOWLEDGMENTS
We are grateful to the contributors to this invited feature for
a series of interesting discussions, and to the journal editors for
supporting it. This research was supported by the National
Research Foundation of South Africa, the DST-NRF Centre of
Excellence at the Percy FitzPatrick Institute, and a James S.
McDonnell Foundation complexity scholar award to G. Cum-
ming. The Nebraska Cooperative Fish and Wildlife Research
Unit is jointly supported by a cooperative agreement between
the United States Geological Survey, the Nebraska Game and
Parks Commission, the University of Nebraska–Lincoln, the
United States Fish and Wildlife Service, and the Wildlife
Management Institute.
LITERATURE CITED
Allen, T., and M. Giampietro. 2014. Holons, creaons, genons,
environs, in hierarchy theory: Where we have gone. Ecological
Modelling 293:31–41.
Allen, C. R., G. S. Cumming, A. Garmestani, P. D. Taylor, and
B. H. Walker. 2011. Managing for resilience. Wildlife Biology
17:337–349.
September 2017 INVITED FEATURE: PROTECTEDAREAS AS SOCIOECOLOGICAL SYSTEMS 1715
Allen, C. R., D. G. Angeler, G. S. Cumming, C. Folke, D. Twid-
well, and D. R. Uden. 2016. Quantifying spatial resilience.
Journal of Applied Ecology 53:625–635.
Ament, J. M., C. A. Moore, M. Herbst, and G. S. Cumming.
2016. Cultural ecosystem services in protected areas: under-
standing bundles, trade-offs and synergies. Conservation Let-
ters. http://onlinelibrary.wiley.com/doi/10.1111/conl.12283/full
Angeler, D. G., and C. R. Allen. 2016. Quantifying resilience.
Journal of Applied Ecology 53:617–624.
Angeler, D. G., et al. 2015. Management applications of discon-
tinuity theory. Journal of Applied Ecology 53:688–698. doi:
10.1111/1365-2664.12494
Bell, J., and T. Morrison. 2015. A comparative analysis of the
transformation of governance systems: Land-use planning for
flood risk. Journal of Environmental Policy and Planning
17:516–534.
Bengtsson, J., P. Angelstam, T. Elmqvist, U. Emanuelsson,
C. Folke, M. Ihse, F. Moberg, and M. Nystrom. 2003.
Reserves, resilience and dynamic landscapes. Ambio 32:389–
396.
Berkes, F., J. Colding, and C. Folke, editors. 2003. Navigating
social-ecological systems: building resilience for complexity
and change. Cambridge University Press, Cambridge, UK.
Birge, H. E., R. A. Bevans, C. R. Allen, D. G. Angeler, S. G.
Baer, and D. H. Wall. 2016. Adaptive management for soil
ecosystem services. Journal of Environmental Management
183:371–378.
Bond, I. 2001. CAMPFIRE and the incentives for institutional
change. African Wildlife and Livelihoods. The Promise and
Performance of Community Conservation. James Currey,
Oxford, pp. 227–24.
Brooks, M. L., C. M. D’Antonio, D. M. Richardson, J. B.
Grace, J. E. Keeley, J. M. DiTomaso, R. J. Hobbs, M. Pellant,
and D. Pyke. 2004. Effects of invasive alien plants on fire
regimes. BioScience 54:677–688.
Carpenter, S., B. Walker, J. M. Anderies, and N. Abel. 2001.
From metaphor to measurement: Resilience of what to what?
Ecosystems 4:765–781.
Chaffin, B. C., and L. H. Gunderson. 2016. Emergence, institu-
tionalization and renewal: Rhythms of adaptive governance
in complex social-ecological systems. Journal of Environmen-
tal Management 165:81–87.
Cinner, J. E., and T. R. McClanahan. 2015. A sea change on the
African coast? Preliminary social and ecological outcomes of
a governance transformation in Kenyan fisheries. Global
Environmental Change 30:133–139.
Clements, H., J. Baum, and G. S. Cumming. 2016. Money and
motives: an organizational ecology perspective on private
land conservation. Biological Conservation 197:108–115.
Cousins, J. A., J. P. Sadler, and J. Evans. 2008. Exploring the
role of private wildlife ranching as a conservation tool in
South Africa: Stakeholder perspectives. Ecology and
Society 13:43. http://www.ecologyandsociety.org/vol13/iss42/
art43/
Craigie, I. D., J. E. Baillie, A. Balmford, C. Carbone, B. Collen,
R. E. Green, and J. M. Hutton. 2010. Large mammal popula-
tion declines in Africa’s protected areas. Biological Conserva-
tion 143:2221–2228.
Crawford, H. S., and D. T. Jennings. 1989. Predation by birds
on spruce budworm Choristoneura Fumiferana: Functional,
numerical, and total responses. Ecology 70:152–163.
Cumming, G. S. 2011a. Spatial resilience in social-ecological
systems. Springer, Dordrecht Heidelberg London New York.
Cumming, G. S. 2011b. Spatial resilience: integrating landscape
ecology, resilience, and sustainability. Landscape Ecology
26:899–909.
Cumming, G. S. 2016. The relevance and resilience of protected
areas in the Anthropocene. Anthropocene 13:46–56.
Cumming, G. S., and J. Collier. 2005. Change and identity in
complex systems. Ecology and Society 10:29 http://www.ecolo
gyandsociety.org/vol10/iss21/art29/
Cumming, G. S., J. Alcamo, O. Sala, R. Swart, E. M. Bennett,
and M. Zurek. 2005. Are existing global scenarios consistent
with ecological feedbacks? Ecosystems 8:143–152.
Cumming, G. S., G. Barnes, S. Perz, M. Schmink, K. E. Sieving,
J. Southworth, M. Binford, R. D. Holt, C. Stickler, and
T. Van Holt. 2005. An exploratory framework for the empiri-
cal measurement of resilience. Ecosystems 8:975–987.
Cumming, G. S., D. H. M. Cumming, and C. L. Redman. 2006.
Scale mismatches in social-ecological systems: causes, conse-
quences, and solutions. Ecology and Society 11:14.
Cumming, G. S., et al. 2015. Understanding protected area resi-
lience: a multi-scale, social-ecological approach. Ecological
Applications 25:299–319.
Cumming, G. S., T. H. Morrison, and T. P. Hughes. 2017. New
directions for understanding the spatial resilience of social–
ecological systems. Ecosystems 20(4):649–664.
De Vos, A., G. S. Cumming, D. Cumming, J. M. Ament,
J. Baum, H. Clements, J. Grewar, K. Maciejewski, and
C. Moore. 2016. Pathogens, disease, and the social-ecological
resilience of protected areas. Ecology and Society 21:20.
DeFries, R., K. K. Karanth, and S. Pareeth. 2010. Interactions
between protected areas and their surroundings in human-
dominated tropical landscapes. Biological Conservation
143:2870–2880.
Folke, C., S. Carpenter, B. Walker, M. Scheffer, T. Elmqvist,
L. Gunderson, and C. S. Holling. 2004. Regime shifts,
resilience, and biodiversity in ecosystem management.
Annual Review of Ecology Evolution and Systematics 35:
557–581.
Folke, C., T. Hahn, P. Olsson, and J. Norberg. 2005. Adaptive
governance of social-ecological systems. Annual Review of
Environment and Resources 30:441–473.
Garmestani, A. S., and C. R. Allen. 2014. Social-ecological
resilience and law. Columbia University Press, New York.
Green, O. O., A. S. Garmestani, M. E. Hopton, and M. T.
Heberling. 2014. A multi-scalar examination of law for sus-
tainable ecosystems. Sustainability 6:3534–3551.
Groom, M. J., G. K. Meffe, and C. R. Carroll. 2006. Principles
of conservation biology. Sinauer Associates, Sunderland,
Massachusetts, USA.
Guerrero, A. M., R. McAllister, J. Corcoran, and K. A. Wilson.
2013. Scale mismatches, conservation planning, and the
value of social-network analyses. Conservation Biology 27:
35–44.
Hannah, L., G. Midgley, S. Andelman, M. Araujo, G. Hughes,
E. Martinez-Meyer, R. Pearson, and P. Williams. 2007.
Protected area needs in a changing climate. Frontiers in
Ecology and the Environment 5:131–138.
Holling, C. S. 2001. Understanding the complexity of economic,
ecological, and social systems. Ecosystems 4:390–405.
Jones, C. G., J. H. Lawton, and M. Shachak. 1994. Organisms
as ecosystem engineers. Oikos 69:373–386.
Loarie, S. R., P. B. Duffy, H. Hamilton, G. P. Asner, C. B. Field,
and D. D. Ackerly. 2009. The velocity of climate change.
Nature 462:1052–1055.
Ludwig, D., D. D. Jones, and C. S. Holling. 1978. Qualitative-
analysis of insect outbreak systems—spruce budworm and
forest. Journal of Animal Ecology 47:315–332.
Maciejewski, K., and G. Cumming. 2015. The relevance of
socioeconomic interactions for the resilience of protected area
networks. Ecosphere 6:art145.
1716 GRAEME S. CUMMING AND CRAIG R. ALLEN
Ecological Applications
Vol. 27, No. 6
Maciejewski, K., and G. S. Cumming. 2016. Multi-scale
network analysis shows scale-dependency of significance of
individual protected areas for connectivity. Landscape
Ecology 31(4):761–774.
Maciejewski, K., and G. I. Kerley. 2014. Elevated elephant density
does not improve ecotourism opportunities: convergence in
social and ecological objectives. Ecological Applications 24:
920–926.
Maciejewski, K., A. De Vos, G. S. Cumming, C. Moore,
and D. Biggs. 2015. Cross-scale feedbacks and scale
mismatches as influences on cultural services and the
resilience of protected areas. Ecological Applications 25:11–
23.
Macneil, M. A. 2013. The politics, science and policy of refer-
ence points for resource management. Environmental Con-
servation 40:297–301.
Mathevet, R., J. D. Thompson, C. Folke, and F. S. Chapin.
2016. Protected areas and their surrounding territory: social-
ecological systems in the context of ecological solidarity.
Ecological Applications 26:5–16.
Mills, M., R. L. Pressey, R. Weeks, S. Foale, and N. C. Ban.
2010. A mismatch of scales: challenges in planning for imple-
mentation of marine protected areas in the Coral Triangle.
Conservation Letters 3:291–303.
Nystrom, M., and C. Folke. 2001. Spatial resilience of coral
reefs. Ecosystems 4:406–417.
Obura, D. O. 2005. Resilience and climate change: lessons from
coral reefs and bleaching in the Western Indian Ocean. Estu-
arine, Coastal and Shelf Science 63:353–372.
Ostrom, E. 2009. A general framework for analyzing
sustainability of social-ecological systems. Science 352:419–
422.
Ostrom, E., and M. Cox. 2010. Moving beyond panaceas: a
multi-tiered diagnostic approach for social-ecological analy-
sis. Environmental Conservation 37:451–463.
Palomo, I., B. Martın-Lopez, M. Potschin, R. Haines-Young,
and C. Montes. 2013. National parks, buffer zones and sur-
rounding lands: mapping ecosystem service flows. Ecosystem
Services 4:104–116.
Perz, S. G., and A. M. Almeyda. 2010. A tri-partite framework
of forest dynamics: hierarchy, panarchy, and heterarchy in the
study of secondary growth. Pages 59–84 in H. Nagendra and
J. Southworth, editors. Reforesting landscapes: 1 Linking
Pattern and Process, Landscape Series 10, DOI 10.1007/978-
1-4020-9656-3_1. Springer, Dordrecht.
Peterson, G. D. 2002. Estimating resilience across landscapes.
Conservation Ecology 6:17. http://www.consecol.org/vol16/
iss11/art17
Quinlan, A. E., M. Berbes-Blazquez, L. J. Haider, and G. D.
Peterson. 2016. Measuring and assessing resilience: broadening
understanding through multiple disciplinary perspectives.
Journal of Applied Ecology 53:677–687.
Reyers, B., R. Biggs, G. S. Cumming, T. Elmqvist, A. P.
Heynowicz, and S. Polasky. 2013. Getting the measure of
ecosystem services: a social-ecological approach. Frontiers in
Ecology and the Environment 11:268–273.
Scheffer, M., and E. Jeppesen. 2007. Regime shifts in shallow
lakes. Ecosystems 10:1–3.
Schr€oter, D., W. Cramer, R. Leemans, I. C. Prentice, M. B. Ara-
ujo, N. W. Arnell, A. Bondeau, H. Bugmann, T. R. Carter,
and C. A. Gracia. 2005. Ecosystem service supply and vulner-
ability to global change in Europe. Science 310:1333–1337.
Sundstrom, S. M., et al. 2017. Detecting spatial regimes in eco-
logical systems. Ecology Letters 20:19–32.
Turner, M. G., R. H. Gardner, and R. V. O’Neill. 2001. Land-
scape ecology in theory and practice: pattern and process.
Springer-Verlag, New York.
Twidwell, D., W. E. Rogers, S. D. Fuhlendorf, C. L. Wonkka,
D. M. Engle, J. R. Weir, U. P. Kreuter, and C. A. Taylor.
2013. The rising great plains fire campaign: citizens’ response
to woody plant encroachment. Frontiers in Ecology and the
Environment 11:e64–e71.
Uden, D. R., M. L. Hellman, D. G. Angeler, and C. R. Allen.
2014. The role of reserves and anthropogenic habitats for
functional connectivity and resilience of ephemeral wetlands.
Ecological Applications 24:1569–1582.
Walker, B., S. Carpenter, J. Anderies, N. Abel, G. S. Cumming,
M. Janssen, L. Lebel, J. Norberg, G. D. Peterson, and
R. Pritchard. 2002. Resilience management in social-ecologi-
cal systems: a working hypothesis for a participatory
approach. Conservation Ecology 6:14.
Westley, F., S. R. Carpenter, W. A. Brock, C. S. Holling, and
L. H. Gunderson. 2002. Why systems of people and nature
are not just social and ecological systems. Pages 103–119 in
L. H. Gunderson and C. S. Holling, editors. Panarchy: under-
standing transformations in human and natural systems.
Island Press, Washington, D.C., USA.
Williams, B. K. 2011. Adaptive management of natural
resources—framework and issues. Journal of Environmental
Management 92:1346–1353.
September 2017 INVITED FEATURE: PROTECTEDAREAS AS SOCIOECOLOGICAL SYSTEMS 1717
